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(54) Flash memory cell and its construction method 



Abstract 

This provides flash memory cell and its construction method. The cell is 
formed on a specified area of a semiconductor base, and it consists of an 
element separation film pattern, which defines its active area; a control gate, 
which crossover the element separation film pattern and the top of the active 
area; a floating gate comprising a floating gate formed by sequential layering 
of a lower floating gate and an upper floating gate having wider width than 
that of the lower gate between the control gate and the active area; and 
including a grooved area formed by recessing in the element separation film 
pattern situated between the neighboring upper floating gates. 
Characteristically, the control gates extend into the grooved area. The 
construction method of this cell comprises: the sequential formation of a 
gate from oxidized film pattern and #1 conductive film pattern on a 
semiconductor base; the formation of a trench by etching of the 



semiconductor base between the #1 conductive film patterns; the formation 
of the element separating film pattern by filling the trench zone at least 
extending to the top of the #1 conductive film pattern; #2 conductive film 
formation by covering the #1 conductive film pattern and the edge of the 
adjoining element separation film patterns; and the method includes the 
formation of control gate conductive film after the sequential layering of a 
gate interlayer insulating film and control gate conductive film; the 
formation of gate interlayer insulating film; the formations of control gate 
traversing the element separating film through the continuous patterning of 
#2 conductive film patterning and #1 conductive film pattern, lower floating 
gate, and the upper floating gate. 

Representative figure 
Figure 7. 

Disclosure 

Brief description of the figures 

Fig. 1 is a schematic diagram of a flash memory cell of a prior technology. 

Fig. 2 is a cross sectional diagram of a flash memory cell of another prior 
technology. 

Figure 3 through 6 show the cross sectional diagrams of the flash memory 
cells constructed according to the preferred invention examples. 

Fig. 7 is a perspective view of another flash memory cell constructed 
according to the preferred invention examples. 

Detailed description of invention 

Purpose of the invention 

Technical field of invention and prior technology 

This invention pertains to a semiconductor device and its construction 
method, especially, it pertains to a flash memory cell and its construction 
method. 



A unit cell of the flash memory cell is comprises from sequentially 
formation on an active area of a gate of oxidized film, an electrically 
insulated floating gate and an insulating film between the word line, 
comprised of a control gate and the floating gate, and the above control gate. 
The above flask memory cell injects electrons to the floating gate by Fowler- 
Nordheim tunneling or channel hot carrier or electrons are withdrawn by the 
above Fowler-Nordheim tunneling, and the above actions are the working 
principles in the changing of the potential of the floating gate. However, in 
a highly layered flash memory cell, the floating gate potential may become 
unnecessary. The causes of the unnecessary effect are the potentials of the 
adjoining control gates, the potential of the floating gates under the 
adjoining control gates, the potentials of the floating gates under a control 
gate, etc. Especially, the effect of threshold potential of a specified floating 
gate, which is situated under a control gate and in contact with the control 
gate, becomes problematic in the case of a multi-level cell configuration. 

Fig. 1 is a perspective view of a flash memory cell constructed according a 
conventional method. Viewing Fig. 1, an element separating film pattern 
(40) was formed unidirectionally, while defining an active area, on a 
semiconductor base (10). A gate oxide film pattern (20) and lower floating 
gate (30) are formed in sequence in vertical direction between, in the vertical 
direction, the element separating film pattern (40) on the active area. A gate 
interlayer insulating film pattern (60), which is perpendicularly across the 
above element separating film pattern (40), and a control gate (70) are 
formed on the above element separating film pattern (40) and on the above 
lower floating gate (30). Between the above gate interlayer insulating film 
pattern (60) and the above lower floating gate (30), an upper floating gate 
was formed (50) on the front side of the lower floating gate (30) and the on 
the edge of the above element separating film pattern (40). At this point, the 
above upper floating gate (50) and the lower floating gate (30) form a 
floating gate. The top view of the above floating gate shows a triangular 
island configuration. 

In a flash memory cell having the above configuration, when the specified 
threshold potential (V th ) vary from -3 V to 2.6V and is below that of the 
same word line but the simulation showed that the change of the threshold 
potential of a floating gate adjoining the above specified floating gate was 
0.095V. In case of a multi-level cell, the gap size shown above is a problem 
to be avoided considering the cell level width and narrow gap for proper 
retrieval of the stored information. 



Fig 2 is a cross sectional view of another flash memory cell constructed by 
another conventional method to solve the above problem. In Fig. 2 and in 
comparison with Fig. 1, characteristically, the floating gate (31) has a vertical 
wall and the lower end of the control gate (61) is in contact with oxide film 
(21) on a semiconductor base. In other word, the top of the element 
separating film pattern (41) is situated lower than the bottom level of the 
above gate oxidized film pattern (21). Also, between the semiconductor 
base (11) and. the above control gate (61), a zone (99) is formed by a gate 
interlayer insulating film (51) between the semiconductor base (1 1) and the 
above control gate (61). The result is the minimization of parasitic 
capacitance created between the adjoining control gates, which is an 
advantage. 

However, problematically, the above zone (99) is liable to be damaged due 
to the potential difference resulted from the applied potential difference 
between the above control gate (61) and the above semiconductor base (11). 

Problem to be solved by the invention 

The technical tasks to be achieved by this invention is to provide a flash 
memory cell which minimizes the parasitic capacitance caused between the 
adjoining floating gates. 

Other technical tasks to be achieved by this invention is to provide a flash 
memory cell which minimizes the parasitic capacitance caused between the 
adjoining floating gates by forming a recess between the adjoining floating 
gates and the element separating film. 

Constitution of the invention and action 

The invention flash memory cell is provided in order to attain the above- 
described technical tasks. The cell is formed on a specified area of a 
semiconductor base, and it consists of the above element separation film 
pattern, which defines its active area; a control gate, which crossover the 
above element separation film pattern and the top of the above active area; a 
floating gate comprising a floating gate formed by sequential layering of a 
lower floating gate and an upper floating gate, having wider width than that 
of the lower gate, between the above control gate and the above active area, 
and an upper with a lower floating gate; and, at least including a grooved 



area formed by recessing in the element separation film pattern situated 
between the neighboring upper floating gates and under the above control 
gate. The upper floating gate has the same width as that of the above active 
area and the above upper floating gate has a wide width than that of the 
lower floating gate. Characteristically, the above control gate extends into 
the inner region of the above grooved area. 

Preferably, the lower part of the above control gate is located below the 
lower part-of the above lower- floating gate. 

Also, to achieve the other purpose of the invention, the invention provides 
the flash memory cell construction method utilizing a groove area formation 
by recessing the element separating film pattern. The construction method 
of the cell comprises: the sequential formation of a gate from oxidized film 
pattern and #1 conductive film pattern on a semiconductor base; 
the formation of a trench by etching of the semiconductor base between the 
#1 conductive film patterns; the formation of element separating pattern 
filling the above trench zone and at least extending to the top of the #1 
conductive film pattern; the formation of #2 conductive film pattern 
covering the entire surface of the above #1 conductive film pattern and the 
edge of the above element separating film pattern in contact with the above 
#1 conductive film pattern; the formation of groove zone by etching the 
element separating film pattern between the above #2 conductive film 
patterns; the formation of the above control gate conductive film, after 
sequential formation of interlayer insulating film and control gate conductive 
film on the entire surface of the resulting groove zone; the formation of 
control gate traversing the above element separating film pattern by a 
sequential patterning of the above #2 conductive film pattern and the above 
#1 conductive film pattern; and the formation of the lower floating gate and 
the upper floating gate formed by layering between the above control gate 
and the above active area. 

It is preferred that at least the lower end of the control gate, which fills the 
above groove zone, reaches the below the lower end of the above #1 
conductive film pattern. 

The preferred invention examples will be discussed with the aid of figures. 
However, the invention is not limited to the examples discussed and it can 
be specified by other configuration. The above examples are provided so as 
to be thorough and complete and to convey the idea thoroughly to the 



workers in the filed. In the figures, the thickness of the layers and the zones 
are shown with exaggeration to clarify the point. Also, when a layer is 
described on another layer of base then the layer can be formed directly on 
another layer or base, or there may a third layer between them. 

Figures 3 through 6 are the cross sectional views of the other flash memory 
cells formed by other preferred invention methods. 

As shown in Fig. 3, a gate oxide film and #1 conductive film were 
sequentially formed on a semiconductor base (100). The formation of an 
anti-wear film on the above #1 conductive film was preferred. The above 
anti-wear film and #1 conductive film were patterned (not shown in the 
figure) to form an anti-wear film pattern and #1 conductive film pattern 
(120). As a result, the top of the above gate oxide film will be exposed in 
the #1 conductive film pattern (120). The above gate oxide film and 
semiconductor base (100) were etched, while masking the anti-wear film, to 
form gate oxide film pattern (110) and to form trench zone. 

After forming an element separating film on a semiconductor base having 
the above trench zone, the entire surface was etched to form an element 
separating film pattern (130). For the above etching method, CMP method 
was preferred and, also, the use of the anti-wear film as the etching 
prevention film was preferred. Preferably, the above anti-wear film was 
removed after the formation of the above element separating film pattern 
(130). As the result, the above element separating film (130) fills the above 
trench zone and, at least, reaches to the top of the above #1 conductive film 
pattern (120). 

Preferably, the gate oxide film pattern (110) may be formed from thermal 
oxidation film and, preferably, the above #1 conductive film pattern (120) 
was formed from polysilicon. The above element separating film pattern 
(130) is an oxide film and preferably, it was formed by CVD vapor 
deposition process. Preferably, the above anti-wear film was formed from 
silicon nitride film. 

As shown in Fig. 4, on the above resulting configuration, #2 conductive film 
was formed and #2 conductive film pattern (140), which covers the above #1 
conductive film pattern (120), by dry etching process. Also, the above #2 
conductive film pattern (150) was formed so as to cover the edge of the 
above element separating film pattern (130). 



The #2 conductive film pattern (140) comprises the same material as that 
used in #1 conductive film pattern (120), i.e., preferably, it was formed from 
polysilicon. Also, prior to the formation of the above #2 conductive film 
pattern, it is preferred to add a rinsing process for the removal of natural 
oxide film residing on the above #1 conductive film pattern (120). 

As shown in Fig. 5, the above element separating film pattern (130) exposed 
between the above #2 conductive film pattern ( 140) was dry etched, while 
using the above #2 conductive film pattern (140) as an etching protection, to 
form groove zone (150) recessed in the above element separating film 
pattern (130). In the etching of the above grooved zone (150), a recipe 
having a high etching selectivity on the basis of silicon was used. 

The purpose of the above grooved zone (150) is to minimize the parasitic 
capacitance between the adjacent floating gates located below the word line, 
similar to that in the prior technology. The depth of the above grooved zone 
(150) is deeper the better. On the contrary, in the filling of the grooved 
zone (150), there is an optimum ratio between its width and length. Hence, 
it is required that the depth of the grooved zone (150) must be determined 
after the consideration of the above two factors. Preferably, the lower end of 
the above grooved zone (150) ought to be formed below the lower part of 
the above gate oxide film pattern (110). 

The dry etching process to form the above grooved zone (150) can be carried 
out after the patterning process for the formation of the above conductive 
film pattern (140) in succession. I.e., the photoresist pattern (not shown in 
the .figure) used to form #2 conductive film pattern (140) can be used as the 
masking in the formation of the above grooved zone (150). 

As shown in Fig. 6, a gate interlayer insulating film and a control gate 
conductive film were sequentially formed on a semiconductor base having 
the above grooved zone (150). Subsequently, the control gate conductive 
film, the above gate interlayer insulating film, the above #2 conductive film 
pattern ( 1 40), and the above # 1 conductive film pattern (130) were 
sequentially etched to form a gate pattern comprising control gate (170), 
gate interlayer insulating film pattern (160), upper floating gate (141), and 
lower floating gate (121), respectively. 



The above gate patterning is a process that the patterning was form in the 
perpendicular direction in relation to the above element separating film 
pattern (1 30). As a result, floating gate comprising (1 90) the above upper 
floating gate (141) and the lower floating gate (121) formed an island shape 
without any electrical connection. Also, the above floating gate (190), the 
above gate interlayer insulating film pattern (160), and the above control 
gate ( 1 70) constitute a gate pattern (200). 

Fig. 7 is a perspective diagram showing a portion of another flash memory 
cell based on a preferred example of the invention. 

As shown in Fig.7, the element separating film pattern (130) formed on a 
semiconductor base (100) defines its active area and it is oriented in 
unidirectional manner. As a result, the above active area is oriented in the 
same direction as the element separating film pattern (130). The control gate 
(170) formed on the gate interlayer insulating film (160) and the above gate 
interlayer insulating pattern (160) is oriented perpendicular to the above 
element separating film pattern (130). 

The above gate oxide film pattern (110) and the lower floating gate (121) 
were sequentially formed between the above element separating film pattern 
(130) and on the above active area. The above gate oxide film pattern (110) 
and the above lower floating gate (121) are formed in the zone where the 
gate interlayer insulating film pattern (160) and the above active area 
intersect each other. Also, the side walls of the above gate oxide film 
pattern (110) and the above lower floating gate (121) are in contact with the 
side wall of the above element separating film pattern (130). 

The above floating gate (141) is covered by the lower end of the above gate 
interlayer insulating film pattern (160) and covers the upper floating gate 
(121) and a portion of the edge of the above element separating film pattern 
(130). The width of the above upper floating gate (141) is as the same as 
those of the above gate interlayer insulating film pattern (160) and the above 
control gate (170). Also, the above floating gate (141) is isolated form the 
same control gate (170) which is in contact with other upper floating gate 
(141). 

Between the upper floating gates (141) and in the center of the top of the 
upper floating gate, a recess was formed and it becomes grooved area (150) 
in the center of the above element separating film pattern (130). The 



grooved area (150) will be filled with the above gate interlayer insulating 
film pattern (160) and the above control gate (170). Preferably, the lower 
end of the above control gate (170) ought to be positioned below the lower 
end of the above lower floating gate (121). In order to attain this 
configuration, the lower end of the above grooved area (150) should be 
lower than the lower end of the gate oxide film pattern (1 10). The above 
grooved area (150) may be formed between the above control gates (1 70) 
and the existence of any conductive material is not preferred. 

The above lower floating gate (121) and the above upper floating gate (141) 
form a floating gate (190), and preferably, the above floating gate (190) is 
formed from polysilicon. The above gate interlayer insulating film pattern 
(160) and the above control gate (170) constitute a gate pattern (200). 
Preferably, the above gate interlayer insulating film pattern (160) was 
formed from ONO film. And, preferably, the above control gate (170) was 
formed from sequential lamination from polysilicon and silicide. 

To evaluate the performance of the invention cell, a computer simulation test 
was carried out. The simulation conditions for the conventional technology 
and this invention were the same with exception of grooved area (150) and 
the control gate (170), which fills the grooved area. Hence, ass far as the 
interference effect of the potential of adjacent floating gate on the above 
grooved area (150) is concerned, the above grooved area (150) can be 
treated as an independent function. 

The results of the simulation test showed that the parasitic capacitance 
caused by the adjacent floating gate located at the lower part of a control 
gate and the magnitude of the interference effect of the potential are 1.36 x 
10" 18 F and 0.095V, respectively. But in the invention they were 4.14 x 10" 
19 F and 0.030V,m respectively. That is to say that the parasitic capacitance 
and the magnitude of the effect by the potential were reduced to about 1/3 in 
the invention. The above are resulted form the specified floating gate 
threshold potential of-3V to 2.6V and it is the effect of the adjacent floating 
gate which is in the same word line. 

Effect of the invention 

According to the invention, the interference caused by potential developed 
between floating gates located on the lower end of a control gate could be 



reduced. It resulted that a flash memory cell with highly layered 
configuration, yet stable characteristics can be manufactured. 

(57) Scope of patent claims 

Claim 1 . 

A flash memory cell construction method includes: 

A step in which a gate oxide film pattern and #1 conductive film pattern are 
formed sequentially on a semiconductor base; 

A step in which a trench zone is formed by etching of semiconductor base 
below the gap between the #1 conductive film patterns; 

A step in which the above trench zone is filled and at least element 
separating film patterns is formed reaching to the top of the above #1 
conductive film pattern; 

A step in which #2 conductive film pattern is formed and it reaches to the 
entire surface of the above #1 conductive film pattern and edge of the above 
element separating film pattern adjoining with the above #1 conductive film 
patterns; 

A step in which grooved zone is formed by etching the element separating 
film pattern located between the above #2 conductive film patterns; 

A step in which a gate interlayer insulating film and a control gate 
conductive film are formed sequentially on the entire surface of the above 
grooved zone formed from the above step; 

A step includes a control gate traversing the above element separating film 
pattern by a sequential patterning of the above control gate conductive film, 
the above gate interlayer insulating film, the above #2 conductive film 
pattern and the above #1 conductive film pattern, and sequential layering of 
lower floating gate and upper floating gate. 



Claim 2. 



In Claim 1 , the flash memory cell construction method is characterized that 
in the above grooved zone forming, its lower end is below the lower end of 
the above gate oxide film pattern. 

Claim 3. 

In claim 1, the flash memory cell construction method is characterized that 
in the above grooved zone, at least, the lower end of the above control gate 
conductive film is located below the lower end of the adjacent #1 conductive 
film patterns. 

Claim 4. 

A flash memory cell is characterized that the cell constitutes: 

An element separating film pattern located on a specified area on a 
semiconductor base and it defines active area; 

A control gate traversing the above element separating film pattern and the 
upper part of the above active zone; 

A lower floating gate and the upper floating gate existing between the above 
control gate and the above active area, and the width of the above lower 
floating gate of the same as that of the above active area and the width of the 
upper floating gate is wider than that of the above lower floating gate; and 

It also includes grooved area formed by recessing of element separating film 
pattern locating below the lower end of the above control gate and between 
the adjacent upper floating gates, provided that the above control gates 
extend into the above grooved area. 

Claim 5. 

In Claim 4, a flash memory cell is characterized that at least the lower end of 
the above control gate is below the lower end of the adjacent lower floating 
gates. 



Claim 6. 



In Claim 4, a flash memory cell is characterized that additionally the cell 
includes a gate interlayer insulating film pattern having the same width of 
the above control gate and is in contact with the lower end of the above 
control gate. 

Claim 7. 

In Claim 4, the flash memory cell includes additionally includes a gate oxide 
film pattern located between the above lower floating-gate and the above 
active area. 

Fig. 1 
(Prior technology) 



Fig. 2 
(Prior technology) 



Fig. 3 



Fig. 4 



Fig. 5 



Fig. 6 



Fig. 7 
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